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Topic collections
Background: Raised plasma lipoprotein(a) (Lp(a)) is associated with increased risk of cardiovascular disease. It is unknown whether increased Lp(a) is an additional risk factor for coronary artery disease in familial hypercholesterolaemia (FH) or whether statin treatment can reduce Lp(a) concentrations in the long term. Objective: To investigate Lp(a) concentrations in relation to statin treatment and the progression of atherosclerosis in a large cohort of FH patients. Design: A two year, randomised, double blind trial (the ASAP trial). Patients: 325 heterozygous FH patients. Intervention: Treatment with 80 mg atorvastatin or 40 mg simvastatin. Main outcome measure: Change in Lp(a) concentrations and intima-media thickness of carotid artery segments at one year and two years. Results: At baseline, median Lp(a) concentrations were 327 mg/l and 531 mg/l in the atorvastatin and simvastatin arms, respectively (p = 0.03). In the atorvastatin arm, Lp(a) concentrations decreased to 243 mg/l after one year (p < 0.001) and to 263 mg/l after two years (p < 0.001). In the simvastatin arm, Lp(a) concentrations decreased to 437 mg/l after one year (p < 0.001) and to 417 mg/l after two years (p < 0.001). The difference in Lp(a) reduction between the two treatment arms was significant after one year (p = 0.004), but not after two years (p = 0.086). Lp(a) concentrations at baseline were not related to cardiovascular events at baseline. There was no correlation between baseline Lp(a) concentrations and low density lipoprotein cholesterol concentrations or intima-media thickness at baseline. Change in Lp(a) concentrations was not correlated with change in intima-media thickness after one or two years. Conclusions: Long term statin treatment significantly lowers Lp(a) in FH patients. However, this reduction was unrelated to changes in intima-media thickness and casts doubt on the importance of Lp(a) in the progression of atherosclerotic disease in these patients. L ipoprotein(a) (Lp(a)) is similar to low density lipoprotein (LDL) in both lipid composition and the presence of apolipoprotein (apo)B-100. The difference between these two particles lies in the presence of the apo(a) moiety on Lp(a). 1 Although Lp(a) closely resembles LDL, its plasma concentrations and metabolism are quite distinctive. Plasma Lp(a) concentrations can vary over a 1000-fold range (from 1 mg/l to more than 1000 mg/l), and in individuals of African descent, median concentrations are approximately threefold higher than in whites. 2 The structural properties of this particle might in part explain the atherogenicity of Lp(a). Various mechanisms have been postulated to explain how Lp(a) may contribute to the development of atherosclerosis. First, it can interact with various tissue matrix components in the intima and it may be susceptible to oxidative modification. Second, it is also reported to inhibit plasmin mediated activation of cytokine transforming growth factor β (TGFβ), thereby promoting smooth muscle cell proliferation, one of the hallmarks of the development of atherosclerotic plaques. Finally, because of the structural similarity between apo(a) and plasminogen, Lp(a) might also interfere with thrombolysis. 1 3 Almost all cross sectional studies and most retrospective studies in white populations have shown that Lp(a) concentrations above the 80th centile (250-300 mg/l) are associated with an increased risk of coronary, peripheral, and cerebrovascular disease. 2 4 Mean Lp(a) values, as determined in the atherosclerosis risk in community (ARIC) study, were approximately 4 mg/dl for middle aged men and women. 3 Although there are still doubts about the causal relation between raised Lp(a) concentrations and coronary artery disease, 5 a recent meta-analysis of prospective studies indicated a moderately strong association. 6 Patients who are heterozygous for an LDL receptor defect (familial hypercholesterolaemia, FH) not only have a two-to threefold increase in plasma low density lipoprotein cholesterol (LDL-c), but they also have Lp(a) concentrations that are twice as high as normal. Thus, on top of their increased coronary artery disease risk in relation to raised LDL-c concentrations, FH patients are also exposed to potentially atherogenic concentrations of Lp(a). 7 The key question is whether increased Lp(a) concentrations constitute an additional risk factor for coronary artery disease in these individuals and whether statin treatment can reduce their Lp(a) concentrations.
We recently reported that aggressive LDL-c reduction over a two year period in patients with heterozygous FH was accompanied by a striking regression of carotid intima-media thickness. 8 The ASAP (effects of atorvastatin versus simvastatin on atherosclerosis progression) study protocol also provided us with a unique opportunity to study prospectively the long term effects of statin treatment on Lp(a) concentrations in relation to changes in mean carotid intima-media thickness, our primary outcome variable.
METHODS

Protocol
The design and results of the ASAP trial have been described previously. 8 9 In short, ASAP was a randomised, double blind, two year, two centre study that was designed to assess whether aggressive or conventional lipid lowering treatment could retard the progression of atherosclerosis in FH patients. In this study FH patients were treated either with atorvastatin 80 mg/day or simvastatin 40 mg/day. After an eight week placebo run in, baseline measurements of lipoprotein indices, intima-media thickness, and Lp(a) were made. These measurements were repeated after one and two years.
The institutional review boards of both centres approved the study protocol, and written informed consent was obtained.
Laboratory investigations
Lipoprotein indices included total cholesterol, (calculated) LDL-c, high density lipoprotein cholesterol (HDL-c), and triglycerides. These were analysed as described previously. 9 At baseline and at one year and two years, EDTA plasma was collected for Lp(a) measurement and stored at −80°C until analysis. All measurements were done in one batch at a central laboratory (department of clinical chemistry, University Hospital Utrecht, Utrecht, Netherlands). Patients were fasting when blood was collected. Lp(a) concentrations were determined in EDTA plasma using the Apo-Tek enzyme linked immunosorbent assay (ELISA) (Sigma Diagnostics Apo-Tek Lp(a) kit, St Louis, USA). The Apo-Tek ELISA assay is known to detect all apo(a) isoform sizes on an equivalent molar basis.
Intima-media thickness
Intima-media thickness measurement procedures have also been reported before. 9 In short, ultrasound examinations were done with a Biosound Phase 2 real time scanner (Biosound-Esaote, Indianapolis, Indiana, USA) equipped with a 10 MHz transducer. Three 10 mm segments were scanned bilaterally: the distal portion of the common carotid artery, the carotid bifurcation, and the proximal portion of the internal carotid artery. The mean intima-media thickness represents the average over anterior and posterior walls in the common carotid artery, the carotid bifurcation, and the posterior wall of the internal carotid artery bilaterally.
Intima-media thickness measurements were done on both anterior and posterior walls of the common carotid artery, the carotid bifurcation, and the posterior wall of the internal carotid artery. Images were analysed with a semiautomatic software program (Eurequa; TSA Co, Meudon, France).
Statistical analysis
Because of the skewed distribution of Lp(a) values, median concentrations were used for analyses. Both absolute and relative changes in Lp(a) after one and two years were calculated. The signed rank Wilcoxon test was used to evaluate the significance of Lp(a) changes over time. Changes between treatment groups were analysed with the Wilcoxon two sample test. Spearman correlation coefficients were calculated to assess evidence of an association of Lp(a) concentrations and change in Lp(a) with the following variables: cardiovascular events, intima-media thickness, LDL-c concentrations at baseline, and mean changes in intima-media thickness and LDL-c concentrations. Statistical analyses were done using SAS (version 6.12, SAS Institute Inc).
RESULTS
Patients and primary results
Of the 325 patients in the original intention to treat population, 45 did not complete the study (13.8%). One hundred and sixty patients were allocated to the atorvastatin limb (66 men, 94 women) and 165 to the simvastatin limb (62 men, 103 women). At baseline, no differences between treatment groups were found in either lipid concentrations or mean carotid intima-media thickness. Cardiovascular disease was present in 31% of the patients and was equally distributed between the two treatment groups. Mean intima-media thickness levels were notably increased at baseline. 8 These characteristics are summarised in table 1 for patients with at least two baseline Lp(a) values. Table 2 shows concentrations of total cholesterol, LDL-c, HDL-c, triglycerides, and Lp(a) at baseline and after two years. As previously described, while total cholesterol, LDL-c, and triglyceride concentrations were lowered significantly within each treatment arm (p < 0.001 for all variables), atorvastatin reduced total cholesterol, LDL-c, and triglycerides concentrations significantly more than simvastatin. 8 The changes in intima-media thickness have also been described previously. In summary, after two years, intimamedia thickness decreased by 0.031 mm in the atorvastatin group (p = 0.0017) and increased by 0.036 mm in the simvastatin group (p = 0.0005). This difference between the two treatments was highly significant (p < 0.001). 8
Lipoprotein(a)
The median Lp(a) concentration at baseline was 327 mg/l in the atorvastatin group and 531 mg/l in the simvastatin group (table 2) . This difference at baseline was significant (p = 0.032). There was no difference in Lp(a) concentration between men and women. After one year of treatment the median Lp(a) values were 243 mg/l and 437 mg/l in the atorvastatin and simvastatin groups, respectively. After two years the corresponding values were 263 mg/l and 417 mg/l, respectively (fig 1) . The within-group changes were all significant (p < 0.001). The difference between the two treatment arms was significant after one year (p = 0.004), but not after two years (p = 0.086).
The median relative decrease in Lp(a) concentrations after one year of treatment was 21.4% (p < 0.001) in the atorvastatin group v 16.3% (p < 0.001) in the simvastatin group. After two years this decrease was 22.1% (p < 0.001) in the atorvastatin group versus 18.8% (p < 0.001) in the simvastatin group. The relative differences between the two treatment groups at one and two years were not significant (p = 0.12 and p = 0.53, respectively). In the atorvastatin group 79% of the patients showed a decrease in Lp(a) concentrations compared with 80% of patients in the simvastatin group.
Baseline Lp(a) concentrations were not correlated with LDL-c concentrations (r = 0.013; p = 0.83). There was no correlation between baseline Lp(a) concentrations and prevalent Values are means (SD) or n, except Lp(a) which is given as median (interquartile range). BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; Lp(a), lipoprotein(a).
cardiovascular disease (coronary artery disease or peripheral artery disease) at baseline (p = 0.63). Lp(a) concentrations at baseline were also not correlated with age (r = 0.021, p = 0.728), baseline intima-media thickness (r = 0.045; p = 0.45), or change in intima-media thickness after one year (r = 0.03, p = 0.63) or two years (r = −0.01, p = 0.92). The change in Lp(a) was weakly correlated with the change in LDL-c (r = 0.20; p = 0.001). Change in Lp(a) was not correlated with change in intima-media thickness after one year (r = 0.05, p = 0.39) or two years (r = 0.03, p = 0.65).
DISCUSSION
We have shown here that long term statin treatment in FH patients significantly lowers Lp(a) values. However, there was no correlation between baseline Lp(a) concentrations and the presence of cardiovascular disease. In addition, no correlation was evident between baseline Lp(a) concentrations and baseline intima-media thickness, or between the statin induced change in Lp(a) concentrations and the change in mean carotid intima-media thickness. These findings cast doubt upon the importance of Lp(a) in atherogenesis in FH hetero-zygotes, at least on the supposed benefit of a reduction in the plasma concentration of this lipoprotein particle. A recent clinical meta-analysis clearly shows that Lp(a) is a coronary artery disease risk factor, 6 notably in the presence of raised plasma LDL-c. 10 This has resulted in the search for agents that lower Lp(a) concentrations, and a further exploration of the effects of established lipid lowering drugs in this context.
So far, no specific Lp(a) lowering agents have been discovered. Some drugs (for example, nicotinic acid and oestrogen replacement therapy) have mild to moderate Lp(a) reducing effects, although they hardly ever normalise the concentrations. 2 Therefore, more aggressive lowering of LDL-c concentrations is advocated in patients with a raised Lp(a). 11 The efficacy of statins in reducing Lp(a) is not well established. Some reports have shown an increase in Lp(a) with statins 12 13 while others have shown the opposite, 14 15 and it now seems to be assumed that statin treatment does not affect Lp(a) concentrations. 16 However, we have shown here for the first time that statins do have a clear Lp(a) lowering effect, albeit not associated with a change in intima-media thickness.
Possible explanations for the observed discrepancies between our study and previous investigations are, first, that most of the studies mentioned only included a small number of patients, whereas a large FH cohort (325 patients) participated in the ASAP study; second, the follow up period in previous trials was generally limited (mostly to less than six months), while in the ASAP it was on average two years; third, the ASAP study only included FH heterozygotes, whereas most of the other studies included mixed hyperlipidaemic subjects; and finally, we cannot exclude the possibility that a reduction in the median Lp(a) concentration of 20% is not large enough to induce measurable changes in intima-media thickness.
It is generally accepted that raised Lp(a) concentrations are a risk factor for coronary artery disease. A recent report which evaluated different risk factors in patients with heterozygous FH is in disagreement with this. The investigators concluded that Lp(a) was only associated with an increased risk in very early coronary cases. 17 Furthermore, studies such as the LDLapheresis atherosclerosis regression study (LAARS) and the familial hypercholesterolaemia regression study investigated the effects of Lp(a) reduction on the changes in the diameter of the coronary arteries. In neither study was any benefit of reducing Lp(a) concentrations seen in patients whose cholesterol had been effectively lowered by drug treatment or apheresis. 18 19 
